Part 3 of this thesis concludes the project. First, an overview of the most important conclusions is presented. The text can be read as a brief summary of the results of the five studies that are at the heart of this project. Second, the results are discussed in relation to the existing body of knowledge. This discussion includes a reflection on the theoreti- 
Conclusions
The project was designed to answer the central research question: To what extent does interactivity influence adolescents' information-seeking and -processing behaviors and attitude development as they go about making sense of ecogenomics? As a whole, the project aimed to provide more insight into the extent to which information environments influence the manner in which adolescents search for and process information about an emergent technology they had not previously heard about.
The first study was designed to answer the questions what adolescents' uninformed associations with ecogenomics were, how they planned to search for information about the issue after an initial confrontation, and what their early affective responses toward the issue were.
This study showed that adolescents were generally unfamiliar with the term ecogenomics and uninformed about it. The term was not intuitively understood: Uninformed adolescents were found to associate it more frequently with economy than with any of the fields of science and technology that form the basis of ecogenomics. All adolescents reported that they planned to use the Internet in their search for information about the issue. Other sources were also mentioned, but less frequently and not by all The second study investigated how adolescents executed their informationseeking behaviors by having them perform a homework assignment that necessitated a certain degree of information retrieval and processing. This study also measured their attitudes toward ecogenomics after adolescents had informed themselves about the issue.
This study showed again that the Internet is the most preferred information source among adolescents. The results indicated that they prefer this source because it provides large amounts of up-to-date information that is easily accessible. The adolescents were found to prefer websites that provide factual information over those oriented toward higher levels of interactivity. Most adolescents visited encyclopedia-148 | Part 3 type websites, such as Wikipedia. But dictionary-type websites were also visited, such as websites hosting a Dutch-English online dictionary. Finally, the Internet was also used to access other types of (non-or low-interactive) media, such as newspapers, magazines and television broadcasts. Adolescents were found to make use of people as information sources to a much lesser extent than expected. These expectations were based on the results of the first study, in which partaking adolescents had included people in their plans for information seeking. In this second study, adolescents were found to have developed positive attitudes toward ecogenomics after having informed themselves about it. Positive attitudes generally were found to be based on the idea that ecogenomics would result in products beneficial to society. In example, some adolescents based their positive attitudes on the expectation that ecogenomics research would result in the discovery of new medicines. Few adolescents were found to have developed negative attitudes toward ecogenomics. However, in those instances they generally reported to be uncertain or to have doubts about the feasibility of the promises and/or expectations that were explicated in the retrieved information.
These findings led to the conclusion that, in response to a task that requires adolescents to search for information: The third study researched the extent to which priming and website interactivity affected adolescents' information-seeking and-processing behaviors and attitude developments after having visited one or more websites that hosted information about ecogenomics.
The findings of this study showed that priming ecogenomics as biotechnology, ecology, economy, or science in general had no effect on adolescents' attitudes toward ecogenomics. Different levels of website interactivity, however, were found to influence their information-seeking and -processing behaviors. High levels of website interactivity increased the time adolescents spend on the Internet, increased the perceived cognitive load, and decreased their appreciation for the websites they had been exposed to -as compared to medium and low levels of website interactivity. There was also some evidence that low levels of website interactivity may be beneficial for knowledge acquisition.
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Conclusions and discussion These results led to the conclusions that: (1) Priming seems to have no significant effects on adolescents' attitude development in this context, and (2) different levels of website interactivity have effects on their information-seeking and -processing behaviors. The increase in time spent on the Internet in the high website interactivity condition was interpreted as a negative effect. The extra time seems to have been spent predominantly on navigation rather than on retrieval of information. Additionally, high levels of website interactivity cause an increase in perceived cognitive load. This was interpreted as an indication that high interactivity is not necessarily beneficial for the enhancement of adolescents' understanding of science. (3) Adolescents' knowledge acquisition benefits from websites that host large amounts of factual information and which facilitate (or require) only low levels of interactivity.
The fourth study investigated how students, teachers and experts perceived the potentially added value of direct interactivity between them for communication purposes. It was aimed to uncover whether direct interactivity already occurred between them and, if so, to what extent. Using semi-structured interviews, participants' ideas about current interactivity and future possibilities for interactivity were investigated.
The results showed that direct interactivity between students, teachers and experts was rare. Especially experts perceived many barriers preventing direct interactivity.
They thought it would cost too much time and expected it to result in too few profits.
A frequently mentioned desired profit was an increase in the enrolment of students into science and technology studies. Despite this lack of current interactivity, all participants were positive about possibilities for interactivity. Schools were considered an interesting ecosystem for communication about emergent technologies and adolescents were considered an important target public.
These findings led to the conclusions that: (1) Biology teachers are generally willing to participate in science communication efforts aimed at introducing emergent technologies to adolescents at school. They would welcome the up-to-date information about scientific progress. In direct interactivity between experts and themselves, teachers pose that communication should be based on information that adheres to the existing formal biology curriculum. This was perceived as a potential barrier because experts were not expected to be familiar with the contents of this curriculum. Finally, teachers suggest that science communication professionals should aim at developing an interactive environment in which students can search and retrieve trustworthy information and experts are easily accessible and willing to participate in the information exchange with students. (2) Students are generally curious about scientific progress and interested in emergent technologies. They are generally enthusiastic about the Internet as an information source and about the potential for interactivity that it represents. However, they do not generally desire high levels of direct interactivity with scientists. Rather, students 150 | Part 3 enjoy the anonymity that the Internet offers in the context of information seeking. Indirect interactivity is preferred over direct interactivity. (3) Experts are not generally inclined toward direct interactivity with teachers and/or students. They emphasize possible barriers rather than potential benefits. According to experts, they have too little time for direct interactivity. Also, they expect direct interactivity to have little or no benefits, either for them personally (e.g., an increase in enrolment of students in science and technology studies) or for the students (e.g., an increase in knowledge about ecogenomics).
The fifth study aimed to construct a concept definition for interactivity in science communication contexts. Scientific literature was used to search for key factors of interactivity across different science communication settings.
The results suggest that interactivity in science communication refers to conditions in which science is communicated in a nonlinear manner. The activity aims to induce personal responses among the target public, such as an increase in awareness, enjoyment or interest in science. Interactivity is a mediated and moderated process of information exchange. The key factors that determine the level of interactivity attainable in different settings are the number of participants, the degree of homo-or heterogeneity among the target public, the degree of moderation, whether the content communicated is predominantly factual or controversial, and how much time is allocated for message exchange.
The findings led to the conclusions that (1) Interactivity has a specific place in science communication. It is different from the traditional one-way modes of communication, but also from participatory designs in its motives, aims and (expected) outcomes. (2) There are different levels of interactivity. These levels are dependent on five key factors, including the time available for and the number of people that participate in information exchange. (3) It is a purposefully initiated, mediated and moderated process in which reciprocal message exchange is fundamental.
The overall findings of this project led to the conclusions that adolescents are mostly "science enthusiasts." Not in the sense that they choose to enroll in science and technology studies, but rather in the sense that most hold positive attitudes toward science in general and toward ecogenomics specifically in both un-informed and self-informed states of knowledge. Even though adolescents' information-seeking and -processing behaviors may not be aimed at developing elaborate understanding of the issue they are introduced to, their behaviors do enable them to answer factual questions about the issue when required to do so.
The findings of this project also showed that adolescents were more inclined to articulate factual arguments for or against ecogenomics when asked to inform others. Perhaps adolescents think that 'others' are more likely to be persuaded by factual arguments than by opinions. Therefore, science communication professionals may want | 151
Conclusions and discussion to create conditions in which adolescents become engaged in such a task. This would probably initiate information transaction rather than solely information transfer. In this light, schools may be an important environment. In generating these conditions, allowing for high levels of interactivity may not be very important.
Based on the results of this project, it may be concluded that adolescents benefit from science communication in an information-rich environment that affords for indirect interactivity between themselves and experts. Teachers are important intermediates because they may aid experts in the translation of science information and the embedment of new information in the knowledgebase already present among adolescents.
This process may be moderated by science communication professionals to generate an interactive environment.
Discussion
Moving from the interactivity model, this project investigated how a particular target 
Motives, aims and expected outcomes
The literature identifies three main arguments for people to become involved in sciences communication: the economic, democratic and cultural motives. For the scientists involved in this project, the economic motives seemed predominant. In contrast to aspects generally adhered to this economic motive in literature, namely fund raising (e.g., Nelkin, 1995; Willems, 2007) ; when scientists consider adolescents as a target public their (economic) motive is best described as the desire to increase number of students that enroll in science and technology studies. However, most scientists indicated that they were not involved in science communication efforts. Also, most were not inclined to become involved in the near future. A readily recognized barrier was a (perceived) lack of time and (expected) low profit. However, most scientists did indicate that they thought Part 3 science communication was important. It seems that (practical) barriers outweigh (potential) benefits, resulting in a situation in which scientists are not likely to suit the action to the word. This is not necessarily a big problem, however. Science communication professionals may improve the interactions between science and society, minimizing the barriers and optimizing the outcomes. Where adolescents are concerned, the intrinsic motivation to become involved in science communication about ecogenomics is also low. They generally find science and technology interesting, but are not inclined to become involved in elaborate interactions with others where ecogenomics is concerned.
This may be because ecogenomics is not perceived personally relevant. However, by presenting them with a task that requires them to inform themselves about ecogenomics, they experienced a need-to-know which served as an extrinsic motivation.
Although this project did not aim to test the effectiveness of a specific intervention, it seems prudent to reflect on the aspect of aims and expected outcomes. The proposed positive linear relation between the level of existing knowledge of science and attitudes toward it has been criticized in recent years (e.g., Bucchi and Neresini, 2002; Gregory and Miller, 1998) Conclusions and discussion to generate an environment in which trustworthy information is tailored for adolescents. In doing so, he or she may minimize the expected (or experienced) barriers that hinder direct interactivity between scientists and teachers and students.
The descriptive categories, or aims, of science communication have a certain degree of overlap (Public Understanding, Public Awareness, Public Engagement and Public Participation in Science; see Van der Auweraert, 2004; 2007; 2008; Van der Sanden, 2008; Waarlo, 2007) . The outcomes of this project point out that, when introducing an emergent technology to adolescents, in these early stages this target public prefers communication aimed at enhancing understanding and awareness rather than engagement and participation. Although science communication professionals may still want to initiate processes that aim for engagement and participation (e.g., in the case of certain museum exhibits or public dialogue approaches), the findings of this project suggest that -from the adolescents' point of view -there is no immediate need to do so where it concerns "first introductions." Adolescents' information-seeking behaviors are predominantly oriented toward closed-product-based modes of science communication. They search for factual information and are not inclined to become involved in interactivity. Especially when first associations with the new issue can be expected to be faulty -as was the case with ecogenomics -a communication process that is initiated from a scientific point of view (and source) can be expected to prevent certain difficul- However, in order to better understand the aims-and-outcomes relationship we need to increase our understanding of cause-and-effect relations (as indicated by Edwards, 2004) . Rather than relying on exploratory investigations of public attitudes toward science, or indirect investigations of relations between media attention and public attitudes (see Besley and Shanahan, 2005; Ten Eyck, 2005) ; controlled experiments that investigate causal relations may better allow researchers to design explanatory and predictive models of science communication.
| Part 3
The scientific literacy and interactivity models
The results of this project seem to support Logan's (2001) proposition that the scientific literacy model and interactivity model are not necessarily mutually exclusive. Rather, the two models seem to be part of the science communication continuum and to represent two different approaches toward how science communication is researched and practiced. Based on the mountain climbing analogy of Burns and colleagues (2003) , and in concurrence with Logan (2001) , this thesis proposes that the two models are not mutually exclusive but rather part of the same 'mountain range'; they differ in who decides how the mountains may best be climbed using what tools to what purposes. By presenting one's public with a closed-product based process (e.g., a ski lift on one mountainside), the outcome will be restricted and fixed. However, any noise in this process can be expected to limit its results significantly (e.g., the ski lift going up only halfway). On the other hand, by relying on the intrinsic motivation and existing skills among one's public (e.g., ladders or other self obtained climbing gear), the outcome will be open and variable. Any noise in this process does not necessarily limit its results, because the public might adapt accordingly. However, one cannot be sure that the public will want to climb the mountain and if or how long they will remain on that mountain during their climb.
The concept of interactivity seems to be located most prominently in the PAS and PES domains. On the one hand, science communication adhering to the PUS domain is too closed and product-oriented to allow for very high levels of interactivity. On the other hand, science communication adhering to the PPS domain has different motives, aims and expected outcomes that might allow for a differentiation between interactivity and participatory processes. To draw a parallel with a mathematics metaphor: A square meets the criteria of a rectangle but a rectangle does not necessarily meet the criteria for a square.
Target publics
Although adolescents seem to enjoy high levels of interactivity for entertainment purposes, the findings of this project have shown that this is not necessarily the case in science communication contexts. It seems reasonable to note that firm conclusions about effects of interactivity remain limited to the manner in which this concept was operationalized in the studies in this project. However, it also seems sound to point out that the data suggest that, in the case of early introductions to emergent technologies, adolescents prefer a passive role in the process of information exchange. They prefer an information environment that provides them with large amounts of readily available and trustworthy information (e.g., websites) over one that provides them with the means | 155
Conclusions and discussion to interact with others (e.g., chat rooms). A better understanding of how adolescents maneuver in entertainment environments might provide handholds for science communication professionals to increase the reach and enhance the effectiveness of their efforts. This project shows that adolescents are interested in ecogenomics and to hold positive attitudes toward it early in its development cycle. However, the results have also shown that the issue needs to be presented within a well-defined context to prevent misunderstanding (e.g., associations with economy) and misinterpretations (e.g., the overemphasis of medical applications of ecogenomics).
Six central concepts

Adolescents
A central conclusion of this project is that adolescents are an attractive and worthwhile target public for science communication. They are interested in science and technology, although this is not always reflected in their behaviors (e.g., choosing a field of study). Also, they are enthusiastic about introducing an emergent technology in schools as a supplement to existing teaching materials. An additional benefit for science communication professionals in particular is that in schools adolescents are readily accessible.
The methodology of this project was aimed to gain more insight into adolescents' first confrontation with ecogenomics, information-seeking and processing-behaviors, and attitude development. Additionally, the effects of priming and interactivity on these aspects were investigated. Therefore, rather than to discuss adolescents as a separate concept, this is discussed in relation to the other five concepts.
Ecogenomics
Ecogenomics was an interesting issue for science communication, because it is a very recently developed technology. At the start of this project, the issue had not yet received much attention in public media. It was therefore assumed that young people would be unfamiliar with the issue; this was confirmed in the first study. This condition of being uninformed was important because this allowed an investigation of developing attitudes that had not yet been shaped by (uncontrolled) media influences (e.g., agenda-setting, priming and framing). It was considered a unique condition, because earlier studies on emergent technologies have dealt with the question of how these were portrayed in the media (e.g., Kohring and Matthes,2002; Shineha et al., 2008) .
Another reason that ecogenomics is interesting; is because it is a complex tech- The results of this project indicate that the first impression bias also holds true in science communication contexts. A lack of factual information and understanding does not prevent the development of attitudes (see also Lee et al., 2005) . After having performed this project, it seems reasonable to conclude that most people are unlikely to become involved in elaborate information-seeking behaviors when the benefits are uncertain or limited. Even though our study on priming did not show that priming ecogenomics as ecology had a beneficial effect on adolescents' attitudes, it still seems wise to investigate existing attitudes among one's target public because this may enable science communication professionals to introduce ecogenomics in a context that emphasizes aspects toward which that public already holds positive attitudes. Note, however, that this emphasis must be the actual focus, because misleading information can be expected to do more harm than good. Trust and credibility are at the heart of science and communication indeed (Van der Sanden, 2008).
Information-seeking and -processing behaviors
Adolescents consider the Internet the best suitable medium for information-seeking purposes. The main reason is that this medium provides them with large amounts of up-todate information. It is therefore considered to be more likely to find information about emergent technologies in this information source as compared to others, such as books.
Also, the fact that the Internet is able to present information in different formats is appreciated by them (e.g., audio and video). Another important benefit of the Internet is that it can be used to search and access information originally published in other media, such as newspapers and magazines. These findings are in concurrence with previous research. Byrne and colleagues (2002), for example, showed that websites are useful when communicating about a complex issue such as transgenic crops, predominantly because of the frequent information updates, multimedia formats, and access to other websites. They argued that the fact that science websites tend to favor the deficit model is a limitation because this assumes a knowledge deficit among the public and results in a top-down one-way mode of communication. However, in this project the adolescents | 157
Conclusions and discussion did not seem to mind and sometimes even prefer this mode of communication early in their search for information.
As was established for adults in the Special Eurobarometer (2005), this thesis concludes that there is also a latent interest in science and technology among young people. However, this thesis also concludes that this interest is best served by presenting readily accessible information, for which the Internet is an ideal medium. Without falling back on a perspective in which the public is seen as passive consumers of science information (see also Burns et al., 2003; Einsiedel, 2000; Willems and Regeer, 2007) , this project has shown that adolescents are not inclined to initiate elaborate searches for information on their own behalves. However, by presenting them with an engaging task, they are willing, enthusiastic and well-able to inform themselves about emergent technologies. In concurrence with Waarlo (2007), this thesis poses that science communication in educational settings may serve the purpose of introducing new and sometimes still experimental modes of communication in classroom settings. Also, the content of the information exchange may be less restricted by preconditions as is generally the case for contents of teaching materials created specifically to address the formal curriculum (Waarlo, 2007) . This project has shown that schools may provide science communication professionals with an environment in which adolescents can be confronted with stimulating tasks.
In relation to the literature, the results of this project may be interpreted along the lines that adolescents' information-seeking behaviors are predominantly experiential rather than analytical (see also Slovic et al., 2004) . In example, the first and second studies show that adolescents do not plan elaborate searches for information. They are inclined to move forth from what is retrieved after their initial step -which generally consists of typing "ecogenomics" in the Google search field. Science communication professionals may benefit from an increased understanding of how Google searches and retrieves information on the Internet. This would allow them to increase the chance that Google returns their content rather than others. Also, insight into initial associations with a term may provide them with means to prevent misinterpretations and misunderstandings that can lead to erroneous searches. are the result of journalism (e.g., newspapers and television) -will remain important.
On a similar note, even though our experiment showed no significant effects of priming on attitude development in this particular context, the premises of the agenda-setting theory and priming have been shown to hold true in other conditions (e.g., Boyle et al., 2006; Scheufele and Tewksbury, 2007; Stamm, Clark and Eblacas, 2000) . In example, exposures to science issues through mass media may initiate later information-seeking behaviors in which the Internet may be the most frequently used information source. In this light, the introduction and adoption of the Internet seems to have lessened people's dependence on the traditional mass media, as was once proposed by Nelkin, 1995 (see also Nahl and Harada, 2004) .
One final note: Science communication professionals need to be aware that per chance exposures to new science information may be rare among adolescents (e.g., they are less likely to read about science in a newspaper). Therefore, they may want to communicate about science in an environment in which the chance of exposure can be increased significantly, namely in schools.
Attitude development
The results of this project show that adolescents' earliest attitudes toward ecogenom- However, most other studies have not focused on adolescents or younger people as a specific target public.
In this project, adolescents' attitudes seem primarily based on the affective component rather than the cognitive or behavioral components. In our first study, adolescents had no or little factual and contextual knowledge of ecogenomics. But also in the second study, after adolescents had searched for information, these attitudes were generally positive. Apart from information-seeking behaviors there were no other behaviors investigated. To exemplify, adolescents could not perform experiments themselves nor were there products they could buy. This was not considered a problem because, as Eagly and Chaiken (1993) stated, people may develop attitudes even when these are not comprised of all three components.
It may be that adolescents' attitudes toward ecogenomics are based on existing attitudes toward science in general or toward issues they perceive as being related to ecogenomics. If these early attitudes toward ecogenomics hold over time, it may be that positive attitudes toward science in general or toward specific issues as established for example through Eurobarometer surveys are also primarily dependent on attitudes that were established during adolescence rather than later in life. Compare for example the early positive public attitudes toward nanotechnology (Scheufele and Lewenstein, 2005) . Future research should investigate this relation between existing public attitudes toward science in general and their developing attitudes toward emergent issues. A controlled experiment, for example in a 2 x 2 framework in which people with existing negative attitudes and positive attitudes toward science in general are confronted with two specific science issues toward which they may be expected to develop either strongly negative or positive attitudes, might provide interesting new insights.
Another possible explanation for adolescents' generally positive attitudes toward ecogenomics may be that they hold different attitudes than adults do. In this project priming ecogenomics as biotechnology was expected to result in more negative attitudes toward ecogenomics than the three other conditions. These expectations were based on earlier measures (e.g., Eurobarometer, 2006) , but these were generally performed among adults. This thesis proposes that, among adolescents, biotechnology is a less controversial issue than it is among adults. This can be explained by the fact that, while in early introductions of biotechnology there may have been an emphasis on possible risks of future applications, no catastrophic accidents have happened. This is in contrast to, for example, the issue of nuclear energy (e.g., the Chernobyl accident).
In this context, this thesis proposes that, while adults base their developing attitudes toward emergent technologies on their existing (negative) experiences, adolescents do not have this elaborate history with media attention for controversial science issues. To them the older issues are well-established rather than controversial and already applied rather than under-development. If this is true, it could be interpreted as support for the assumption that the first-impression bias indeed also holds true in science communication contexts.
Priming
In this project priming effects were investigated. In this discussion it seems prudent to raise the question whether or not this investigation has underestimated adolescents' existing attitudes toward biotechnology. It may be that adolescents do not generally hold negative attitudes toward biotechnology. It may also be that, even if they held negative attitudes toward some aspects (e.g., genetic modification of organisms), they interpreted ecogenomics to belong to other aspects of biotechnology (e.g., bioremediation). It may also be that initial negative attitudes that were the result of the priming conditions were leveled down because of an emphasis on ecological and environmental aspects of ecogenomics in other materials. Of course, it may also be that priming is most effective in situations where public media has given large amounts of attention to an issue in the past and when firmly established attitudes toward specific issues in science are stimulated (see McCombs and Shaw, 1972; Iyengar and Kinder, 1987) . If this is the case, then the results of this study may be interpreted as an indication that priming is less effective 160 | Part 3 where emergent technologies are concerned and that adolescents' lack of knowledge, experience and established attitudes shield them from manipulative media effects. In reference to Miller's (2001) comment that science websites generally adhere to the traditional non-interactive mode of information transference; this thesis concludes that it is necessary to make an explicit differentiation between a medium's potential to afford for interactivity and the manner in which it is actually used (see also Koolstra and Bos, 2009 ). The results of this project have shown that high levels of interactivity are not desired by adolescents who are in search for science information. The way in which adolescents used information sources in this project also shows that a medium with the potential for high level interactivity can be used in a non-interactive manner. Rather than becoming involved in interactivity with peers, teachers or scientists, they seem to prefer anonymity in their search for information. This thesis therefore concludes that even if science websites would afford for higher levels of interactivity, it seems unlikely that adolescents would become engaged in interactive information exchange. Therefore, the functional approach toward interactivity as a website feature seems limited (see also Kiousis, 2002; McMillan and Hwang, 2002) : In this perspective, interactivity is considered "designable." By adding layers or features to a website its interactivity level can hypothetically be increased (see for example our third study, see also Sundar et al., 2003) , although it remains to be seen whether participants become involved in interactivity during the actual communication process (also argued by Koolstra and Bos, 2009 ).
Interactivity
Additionally, in this perspective, interactivity is considered a tool that can be used to attain specific communication outcomes (for example an increase in understanding, sense | 161
Conclusions and discussion of fun, sociability; see also Rafaeli and Sudweeks, 1997) . Science communication must be careful not to perceive interactivity as a new hypodermic needle.
Finally, the relation between time spent on a website and the level of interactivity, as was found in this project, can be interpreted in two ways. First, it may be that interactivity has a certain "holding power." Second, it may be that interactivity "distracts" from what is being communicated. The increase in time spent on a website may be necessary for orientation-purposes rather than for anything else. This project found no positive relation between high levels of interactivity and adolescents' knowledge acquisition.
It did find that high levels of interactivity lead to an increase in perceived cognitive load.
Therefore, this project concludes that in the context of early introductions of emergent technologies to adolescents high levels of interactivity may inhibit rather than enhance the communication process.
Limitations
Central to this project was the idea that first introductions to emergent technologies in the earliest stages of its development cycle would be interesting to study. Therefore, the "newness" of ecogenomics was considered an important benefit. However, adolescents' unfamiliarity with the issue may also have had confounding influences on the findings of this project. Although we have no solid proof, it may be that partaking adolescents perceived ecogenomics as a fictitious example of an emergent technology. This may have influenced adolescents' attitudes in the studies in which they received materials specifically designed for this project (e.g., the first study). However, in the studies in which adolescents were required to search information in public information sources (e.g., the second study) there were no large differences in their attitudes toward ecogenomics. Therefore, this limitation may be considered to have had only a minor influence on the project's overall results.
Various authors have argued that "perceived personal relevance" is important in the context of science communication and attitude development (see for example Kahlor et al., 2006; Van der Sanden and Meijman, 2004) . However, perceived personal relevance was not expressly measured in this project. Nonetheless, in the essays and interviews some adolescents indicated that they thought ecogenomics had little personal relevancy and considered future applications to be still far off. Future research is necessary to investigate how this variable influences adolescents' information-seeking behaviors and attitude development. The results of this project suggest that adolescents can be expected to be more willing to become involved in elaborate information-seeking behaviors when an issue is perceived as highly personally relevant. However, a low degree of perceived personal relevancy does not necessarily inhibit the development of positive attitudes toward an issue. Part 3 At the start of this project it was expected that interactivity would play an important role in science communication. However, the operationalization of the concept in this project (particularly in the experiment) was based predominantly on technological features. This is a limitation because interactivity is not solely a technology-dependent phenomenon. Future research may want to investigate the concept in more detail based on its non-technological aspects (as identified in our literature study).
Some of the limitations of this project were inherent to the methods used.
Particularly the quasi-experiment was faced with specific limitations. At the start of the design stage some of the partaking schools and teachers indicated that they would only cooperate if the materials could be used as extracurricular teaching materials. This posed some limitations on the design of the conditions and materials. Also, true randomization was difficult because this study was performed in schools. Students who were in the same class received the same materials in order to decrease the chance that students perceived them as research materials. The results should be interpreted with these limitations in mind. A limitation of our experimental study was that it performed only post-test measurements. The addition of pre-test measurements would have enabled us to investigate the effects of priming and website interactivity more precisely. However, this pre-test was not performed because it was thought to negatively influence the measurements: A pre-test would have exposed all participants to all four primes; if they would come across references to other primes during their search for information about ecogenomics, this pre-exposure was considered likely to have an undesirable intervening effect on the information-seeking behaviors and attitude measurements.
It is important to note that this project did not aim to investigate or establish an increased understanding of ecogenomics among adolescents. Throughout the project only very simple measures were used to develop some preliminary thoughts on knowledge acquisition. These measures served as background information for our primary concept of interest: adolescents' information-seeking behaviors. Future research may elaborate on this project and investigate the complex relation between information-seeking behaviors and attitude development. It would be interesting to learn more about the relation between the use of the Internet as an information source and adolescents' copy-paste-type behaviors in information retrieval and usage. These types of behaviors may inhibit thorough understanding of science issues because it minimizes the need to actively process the retrieved information. On the other hand, the results of this project show that adolescents are aware of the risk of this type of behavior and of the limits of the Internet as in information source.
Despite these limitations, the extent to which the results of this project can be generalized for the broader population of Dutch adolescents is quite good: The measures and findings were consistent within the relatively large samples of the individual studies, as well as among across the four empirical studies. Of course, most measure-| 163
Conclusions and discussion ments were performed among adolescents aged between 15 and 19 and that therefore the findings are best suited for science communication research and practice among this particular target public. Future research among children and young adolescents may provide further insight into the stage in life at which their information-seeking behaviors take shape and the degree to which these are stable or variable depending on external influences, such as developments in information and communication technologies.
Final remarks
Ecogenomics is a complex issue to communicate. It has different aspects toward which future publics can be expected to respond positively as well as negatively. It is a highly specialized field of research and, although some people may become aware of its existence through public media, it seems unlikely that people who are not educated in this (or adjacent) fields of knowledge will attain elaborate understanding of it. Especially because they will not be able to experience it first hand -at least not any time soon.
Therefore, it is necessary to link new information to existing knowledge among one's target public. This call for contextualization of new science information is not unique for science communication but has also been expressed in science education (see Miller, 2001; Willems, 2007; Wynne, 1992) .To do so, it is important for science to understand its public. In our view, science communication professionals should use information derived from the formal educational curriculum of primary and secondary schools to get a feel of the level of existing knowledge. This may provide handholds, or links, that can be used in the design of tailored materials to initiate communication about ecogenomics with specific target publics.
The Internet provides the public with an unparalleled amount of readily available and easily searchable up to date information. However, it is precisely this large amount that poses problems for science communication professionals. Simply adding more information to this World Wide Web seems unlikely to have much impact. Science communication professionals need to seriously consider schools as an environment in which they can communicate science. First, as previously indicated, the existing curriculum and teaching materials can be used as a basis for new materials. They provide the necessary insight into the level and type of existing knowledge and experience. Second, teachers are willing and capable intermediates between scientists and students. They have direct experience with the target public and have direct and daily access to them. Also, they may evaluate the level of new information and, if necessary, adjust it accordingly. (The materials used in this project were designed in collaboration with teachers).
It would also be beneficial for the teachers, because they would gain access to information about recent developments in their field of education (e.g., biology). There are also important benefits for scientists. They would become less dependent on science journal- Part 3 ists and have more control over the content and context that is communicated. Also, scientists may profit from direct access to adolescents to kindle interest and enthusiasm for science among these potentially future students. Finally, it would also be beneficial for adolescents because they would gain access to up-to-date and trustworthy information that is contextualized according to their world views and which is usable (e.g., for homework assignments).
Science communication professionals may want to design online environments that afford for indirect interactivity between adolescents and scientists. This environment should be content-oriented rather than interactivity-oriented because the results of this project show that adolescents are not likely to become involved in interactivity early in their search for information. Adolescents prefer an environment that is easy to navigate, provides large amounts of factual information that enables them to answer specific questions. Wikipedia is an existing example of such an environment. A problem with Wikipedia, however, is that teachers (and scientists) do not generally consider it a trustworthy source. In the case of emergent technologies in general, or of ecogenomics specifically adolescents prefer to become better informed through the use of static content that provides them with factual information. A low level of interactivity prevents adolescents from becoming lost during their search. This allows them to spent more time and energy on processing the retrieved information. And this, in turn, generates a knowledge base they may use to fuel and sustain higher levels of interactivity at later stages of the communication process. In the context of ecogenomics, this thesis concludes that too much (website) interactivity too early in the communication process may inhibit information processing rather than enhance it. Also, early attitudes toward an emergent technology can be expected to be based primarily on adolescents' affective response rather than on factual information or personal experience. Investigations of established attitudes toward related issues may provide insight into the extent to which negative or positive attitudes toward the emergent technology can be expected to develop. Also, measures of early attitudes toward an emergent technology in combination with measures of established attitudes toward related issues may provide insight into the extent to which the first impression bias holds true in such contexts. At this time, it seems adolescents are most interested in ecogenomics firstly when it is related to medical and human health issues (e.g., the discovery of new medicines) and secondly when it is related to environmental problems (e.g., bioremediation).
This project did not aim to design or test a science communication intervention. Nonetheless, its results may be useful in the design of future science communication efforts. In concurrence with Van Nes (2004) , this project found that adolescents' information-seeking and -processing skills are still developing. Therefore, interventions | 165
Conclusions and discussion at this stage in life may be expected to be worthwhile. An increase in attention for how adolescents search for science information in schools may better prepare them for such tasks in later life. An increased awareness that when simply transferring science information an issues may remain too abstract to be of interest for adolescents might stimulate scientists to (re-)think about how to communicate about it. To illustrate, partaking adolescents in this project were primarily interested in (future) applications of ecogenomics, not into the science or technology that scientists found most interesting.
Scientists and teachers should collaborate with science communication professionals to establish a "shared content" that links ecogenomics to problems that are recognizable for adolescents in their everyday lives (also suggested by Van Nes, 2004) . One option is to co-create specific homework tasks for adolescents that revolve around emergent technologies, because homework is an inherent part of adolescents' life that they will take seriously.
